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Conditioning of tentacle lowering in the snail
(Helix aspersa): Acquisition, latent inhibition,
overshadowing, second-order conditioning,
and sensory preconditioning

IGNACIO LOY, VANESA FERNANDEZ, and FELIX ACEBES
Universidad de Oviedo, Oviedo, Spain

In a series of related experiments, we studied associative phenomena in snails (Helix aspersa),
using the conditioning procedure of tentacle lowering. Experiments 1A and 1B demonstrated a basic
conditioning effect in which the pairing of an odor (apple) as the conditioned stimulus (CS) with the
opportunity to feed on carrot as the unconditioned stimulus (US) made snails exhibit increased levels of
tentacle lowering in the presence of the CS. Experiments 2 and 3 showed that the magnitude of the con-
ditioning was reduced when snails were exposed to the CS prior to the conditioning trial (a latent inhibi-
tion effect). Experiment 4 examined the effects produced by pairing a compound CS (apple-pear) with
food presentations and demonstrated the existence of an overshadowing effect between the two odors.
Experiment 5 revealed that pairing one CS with another previously conditioned stimulus increased
tentacle lowering to the new CS (a second-order conditioning effect). Finally, Experiment 6 showed
that pairing two odors prior to conditioning of one of them promoted an increase in tentacle lowering
in response to the other (a sensory preconditioning effect). The results are discussed in terms of an as-

sociative analysis of conditioning and its implications for the study of cognition in invertebrates.

Studies of conditioning in invertebrates are important
for at least two reasons. First, conditioning speed provides
an operational definition of learning ability and thus al-
lows for the comparison among species necessary for a
comparative view of cognition (Wasserman, 1984). Sec-
ond, conditioning in invertebrates has provided important
information relevant to the understanding of the physi-
ological bases of learning and memory (Burrell & Sahley,
2001; see also Carlson, 1994). Unfortunately, the methods
and procedures used in neuroscience and brain research
are often specifically tailored to particular research in-
terests (e.g., Carretta, Hervé-Minvielle, Bajo, Villa, &
Rouiller, 1999; Metz & Whishaw, 2002) and often fail to
make use of the enormous cumulative experience gener-
ated by previous research on associative learning.
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Sahley, Gelperin, and Rudy (1981) investigated the role
of associative learning in the regulation of food selection
behavior in Limax maximus. These authors employed an
aversive conditioning procedure, in which an odor was
used as the conditioned stimulus (CS) and a bitter taste
(quinidine sulfate) was used as the unconditioned stimu-
lus (US). They found evidence for a range of standard as-
sociative phenomena such as second-order conditioning,
blocking, and a US-preexposure effect. The aim of the
present experiments was to continue this type of analy-
sis, using an appetitive procedure functionally equivalent
to those often used in learning research with vertebrates,
such as magazine approach in rats, or salivation in dogs.

We started by replicating Ungless’s food attraction
conditioning (Ungless, 1998) and then extended the pro-
cedure in order to obtain evidence of a range of associa-
tive phenomena. Ungless used an appetitive conditioning
procedure in which the CS was the odor of a fruit (apple)
and the US was provided by the consumption of a piece of
carrot. As a conditioned response (CR), he used the low-
ering of the posterior tentacle in the presence of the CS.
With this simple procedure, Ungless showed condition-
ing of the tentacle lowering response and explained this
finding as an instance of Pavlovian conditioning related
to feeding (snails exhibit high levels of tentacle lowering
when they feed).

In Experiments 1A and 1B, we investigated the acqui-
sition of a conditioned response to the odor of apple. In
Experiments 2 and 3, we looked for a latent inhibition
effect in this training procedure. In Experiment 4, we in-
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vestigated the effects produced by presenting the CS in
compound with another odor, to test whether the pres-
ence of this other odor would overshadow the develop-
ment of a conditioning to the target odor. In Experiment 5,
we looked for evidence of a second-order conditioning
effect. Finally, Experiment 6 showed that experience of
an apple—pear compound prior to conditioning of one of
the odors generated an increase of tentacle lowering in
response to the other (a sensory preconditioning effect).
In the General Discussion section, we will consider the
implications of our findings for research in comparative
cognition and for the application of associative theories to
the study of the invertebrate “mind.”

EXPERIMENT 1A

Our aim in this experiment was to replicate the condi-
tioning effect previously reported by Ungless (1998). Two
different groups were used. The experimental, or paired,
group received six pairings of the CS and the US, whereas
the control, or unpaired, group received uncorrelated pre-
sentations of the same CSs and USs. The CS was the odor
of apple and the US was a piece of carrot. Evidence of
associative learning would occur if subjects in the paired
group showed a greater number of tentacle lowering re-
sponses during the presence of the CS than did subjects in
the unpaired group. It should be acknowledged, however,
that if snails show high levels of spontaneous tentacle
lowering prior to conditioning, an explanation in terms
of a habituation process could be possible. Animals in the
unpaired group might show low levels of conditioned re-
sponding because they developed habituation to the apple
odor, whereas, for animals in the paired group, this habitu-
ation process might be disrupted by the presence of carrot.
So, before any conditioning treatment, all the snails were
exposed to the CS for 2 min and their tentacle lowering
responses were scored to determine their initial response
to that stimulus. If animals showed high levels of tentacle
lowering prior to conditioning, an explanation in terms of
attenuation of habituation could be viable. On the con-
trary, if snails showed low rates of response prior to con-
ditioning and higher rates after conditioning, this would
disconfirm the attenuation-of-habituation hypothesis.

Method

Subjects. The subjects were 12 snails taken from the wild, with
a shell diameter of 26 mm (range, 22—-30 mm) at the start of the
experiment. The snails were individually housed in plastic cages
(50 mm long X 50 mm wide X 100 mm high) with air holes and a
small amount of water, and situated in a cool dark room (20°*2° C).
They were given access to rat food for 2 days and were then deprived
of food for 10 days prior to the start of the experiment. During the
experiment, the snails ate only during conditioning. Due to the death
of 1 snail from each group, the pretest data include 12 subjects and
the posttest data include 10 subjects.

Apparatus. A plastic perforated surface (500 mm X 250 mm;
2.5 mm diameter holes) was used. It was supported at each corner
above the table (60 mm above the surface) to allow a slice of fruit to
be placed beneath the plastic surface. The experimental room was
maintained at approximately 20° C and illuminated with a red light
(60 W).

Procedure. After the 10-day deprivation period, the snails were
randomly assigned to two equal-sized groups (n = 6). The day be-
fore conditioning, the level of the tentacle lowering to the CS (apple)
was scored in all the animals. Only the snail’s left posterior ten-
tacle was observed (to simplify the testing procedure). Following
Ungless’s procedure (see Ungless, 2001, Figure 2, p. 99), we scored
as one response the movement of the tentacle below an imaginary
line over the top of the head. The number of responses was recorded
for 2 min during stimulus presentation. The following day, animals
in the paired group (n = 6) were exposed to the apple odor (the
CS) while given access to carrot for 10 min (the US). A slice of
apple (approx. 6 cm in diameter) was placed under the perforated
surface in the same way as in the pretest, except for the presence of
carrot. Immediately prior to conditioning, the snails were dipped in
water and placed on their sides to induce activity. Once the snail had
emerged from its shell, it was placed onto the perforated surface. A
small piece of food (approx. 1 cm?) was immediately placed in front
of the snail, which was allowed to eat for 10 min (the 10-min period
began 5 sec after the presentation of the food, by which time the
snail had typically begun eating). After this period of time, the snail
was returned to its container. Animals in the unpaired group received
trials consisting of 10 min of exposure to apple odor alone. One hour
after odor exposure, the snails in the unpaired group were allowed to
eat a piece of carrot for 10 min on the perforated surface. For both
groups, we measured the amount of carrot ingested on each day of
conditioning (weighing before and after conditioning) in order to
determine whether or not the groups differed in the amount they ate.
The conditioning treatment lasted 6 days for both groups, with one
trial per day. On Day 7, all snails were individually tested with the
apple odor following the same procedure as that used in the pretest.
The snails were tested in random order, and the experimenter was
unaware of their experimental history.

Results and Discussion

Initial tentacle lowering behavior is critical, and the
pretest data are presented in Figure 1A. In the pretest,
animals in paired and unpaired groups showed an aver-
age of 3.5 and 2.7 tentacle lowering responses, respec-
tively. After conditioning (the posttest data in the figure),
the equivalent scores were 6.2 and 3.4. An ANOVA with
test day and group as factors revealed a significant ef-
fect of day [F(1,8) = 5.4, p < .05] but no effect of group
[F(1,8) = 2.22, p > .05]. The interaction was not signifi-
cant [F(1,8) = 3.02, p > .05]. Nevertheless, a one-way
ANOVA conducted on each test day showed no effects in
pretest [F(1,11) = 0.43, p > .05] but a significant differ-
ence in the posttest [F(1,9) = 7.84, p < .05].

The results for the paired group are what would be ex-
pected if feeding in the presence of a particular odor en-
dowed this odor with appetitive properties; that is, during
the presentation of the CS in the test trial, the subjects
in the CS-US condition (the paired group) exhibited in-
creased frequency of tentacle lowering behavior, in com-
parison with the level of this response among the subjects
in the unpaired control group.

It has been argued (by Farley, Jin, Huang, & Kim, 2004)
that nonassociative learning effects (mainly attenuation
of habituation) could produce effects like those expected
from associative learning. The initial report of the ten-
tacle lowering response in Helix by Peschel, Straub, and
Teyke (1996) showed that naive snails sometimes lowered
their tentacles in response to novel odors. This response
might decline (i.e., habituate) for animals in the unpaired
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Figure 1. (A) Results of Experiment 1A: Acquisition. Mean number of tentacle lowering responses made by Group Paired and
Group Unpaired during CS (apple) prior to conditioning and after treatments. (B) Carrot ingested in Experiment 1A. Mean amount
(mg) of carrot ingested by Group Paired (filled circles) and Group Unpaired (open circles) during the 6 trials of conditioning in
Experiment 1A. Vertical bars represent standard errors of the mean.

group, but remain elevated for animals in the paired group
because feeding concurrent with exposure to the CS in-
terferes with the processes of habituation. The outcome
could be a higher level of response on the final test in
Group Paired rather than Unpaired. The pretest results of
the present experiment argue against this nonassociative
interpretation of our results. Our snails did not show high
levels of tentacle lowering before conditioning, and pair-
ing the CS with the US increased the level of response in
Group Paired rather than merely attenuated its habitua-
tion. Experiment 1B provided further data relevant to this
issue.

The difference between the groups is not to be ex-
plained in terms of a difference in their experience of the
US. The amount of carrot ingested by each group on each
trial is depicted in Figure 1B. In the two initial trials, ani-
mals in Group Unpaired ate slightly more than animals
in Group Paired; but this difference diminished over tri-
als, and there were no differences at the end of the condi-
tioning. A repeated measures ANOVA showed no effect
of days [F(5,45) = 1.53, p > .05], no effect of groups
[F(1,9) = 2.24, p > .05], and no interaction [F(5,45) =
2.15, p > .05]. Therefore, there were no relevant differ-
ences between Groups Paired and Unpaired in their expe-
rience with the US.

EXPERIMENT 1B

As we have noted, it has been argued (Farley et al.,
2004) that various nonassociative processes, alone or in
combination, can masquerade as associative learning ef-
fects, and that these are especially potent in chemosensory
conditioning. Therefore, we thought it important to rep-
licate the main result obtained in Experiment 1A and to
offer more evidence against alternative explanations. Al-

though Experiment 1A clearly showed evidence indicat-
ing low levels of response in snails prior to conditioning,
there was another design that could offer an evaluation
of attenuation of habituation as an alternative interpreta-
tion. This was to compare the performance of conditioned
animals with that of animals that had received no prior
training (see Ungless, 2001). Accordingly, we conducted a
replication of Experiment 1A comparing the usual paired
and unpaired groups with a naive group. Groups Paired
and Unpaired received the same treatment as did the ani-
mals in Experiment 1A (but without pretest); animals in
the control group received six 10-min periods of access
to carrot in a different context. If animals in this group
showed levels of CRs similar to those in Group Paired,
this would accord with the habituation explanation. If ani-
mals in the control group responded like animals in Group
Unpaired, we could assume that associative learning has
played a role in the snails’ behavior.

Method

The subjects were 18 snails taken from the wild, with a shell di-
ameter of 25 mm (range, 30—38 mm) at the start of the experiment.
All the housing and maintenance details were exactly the same as
in Experiment 1A.

After the 10-day deprivation period, the snails were randomly as-
signed to three equal-sized groups (n = 6). Animals in the paired
and unpaired groups received exactly the same treatment as did the
animals in Experiment 1A. The animals in the control group were
given equivalent access to carrot in a different place for 6 days. The
test trial was the same for all the animals: a 2-min period of expo-
sure to the CS, during which the snail’s left posterior tentacle was
observed.

Results and Discussion

The tentacle lowering responses for the three groups
are presented in Figure 1C. The mean scores for the
paired, unpaired, and control groups were 6.8, 2.7, and
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Figure 1 (continued). (C) Results of Experiment 1B. Mean
number of tentacle lowering responses made by paired, unpaired,
and control groups during the test with the CS after conditioning.
Vertical bars represent standard errors of the mean.

4.0, respectively. After conditioning, the animals in Group
Paired produced more CRs than did those in the unpaired
and control groups, although the control score was some-
what higher than that for unpaired. A one-way ANOVA
showed that these differences were significant [F(2,17) =
16.86, p < .05]. But Tukey’s test showed significant dif-
ferences between paired and unpaired, and between paired
and control, but not between unpaired and control. This
pattern of results could not be explained in terms of atten-
uation of habituation, and we concluded that the response
shown in the paired group was a consequence of Pavlovian
conditioning. We then proceeded to determine whether
other Pavlovian phenomena such as latent inhibition,
overshadowing, second-order conditioning, and sensory
preconditioning would be observed with this procedure.

EXPERIMENT 2

The results for the paired groups of Experiment 1A and
1B demonstrated the formation of an association between
the apple odor and the taste and/or nutritive properties of
the carrot. It should be possible to modulate the strength
of this association in predictable ways by manipulating the
variables effective in standard conditioning paradigms. In
Experiment 2, we sought evidence that the postulated as-
sociation was sensitive to latent inhibition.

When a subject is repeatedly exposed to a neutral
stimulus, subsequent conditioning is retarded when that
stimulus is used as a CS (Lubow, 1973, 1989). This ef-
fect, known as latent inhibition, is said to reflect a loss
of attention to the familiar stimulus. To demonstrate this
phenomenon in our procedure, experimental snails were
given experience of an odor alone before being given
training in which they were exposed to odor—carrot pair-
ings. If latent inhibition occurred, then these subjects (the
preexposed group) should show less tentacle lowering

when subsequently tested with the conditioned odor than
would control subjects given preexposure to a different,
but presumably irrelevant, odor. Table 1 presents a sum-
mary of the experimental design.

Method

The subjects were 12 snails taken from the wild, with a mean shell
size of 29 mm (range, 25-34 mm) at the start of the experiment. All
the housing and maintenance details were exactly the same as in
Experiment 1A.

After the 10-day deprivation period, the snails were randomly
assigned to two equal-sized groups (n = 6). The animals in both
groups received a 10-min period of exposure to the odor produced
by a slice of fruit on each of the 6 days of the preexposure phase. For
half of the animals in each group, the odor was of apple; for half,
it was pear. In the 2 days following preexposure, all the animals
received 10 min of free access to a piece of carrot (approximately
1 cm?) in the presence of one of the odors as in Experiment 1A. For
the animals in the preexposed group this was the preexposed odor;
for the control animals, it was the other odor. The next day, after
these two conditioning sessions, all the snails received a test trial in
which the conditioned odor was presented and the snail’s left poste-
rior tentacle movement was recorded for 2 min. This 3-day training
cycle was repeated two more times, so that the snails received a total
of six conditioning trials and three test trials.

Results and Discussion

Figure 2 shows the mean number of tentacle lowering
responses made by the preexposed and control groups dur-
ing the three test trials. The snails in the preexposed group
showed consistently fewer CRs than the snails in the control
group. A two-way repeated measures ANOVA conducted
on the data summarized in the figure, with day and group
as the variables, revealed significant main effects of group
[F(1,9) = 70.35, p < .05] and of day [F(2,18) = 63.12,
p < .05]. The interaction was not significant [F(2,18) =
1.09, p > .05]. The difference between the groups was
significant on each of the three test trials [#(9) = —4.29;
1(9) = —7.40; 1(9) = —7.02; ps < .05].

The results obtained in Experiment 2 were what would
be expected if preexposure to an odor produced a latent
inhibition effect that attenuated the effectiveness of the

Table 1
Design of Experiments 2, 4, and 6 (Between Subjects)
Experiment ~ Group  Preexposure Conditioning Test
2 (L) PREE 6CSl 6 CS1-US 3 CS1
CTRL 6CS2 6 CS1-US 3Csl1
4(0V) COM 6CS1+CS2—US  CsSl
ELE 6 CS2
6 CS1-US CS1
6 (SPC) COM 6CS1+CS2  CS1-US CS2
ELE 6 CS2
6 CSl CS1-US CS2

Note—LI, latent inhibition; OV, overshadowing; SPC, sensory precon-
ditioning. PREE refers to the preexposed group; CTRL to the control
group. COM refers to the group that received the compound stimulus;
ELE refers to the group that received simple conditioning to elements
of the compound on separate trials. For half of the animals, CS1 was
apple, and for the other half, pear. The same was true for CS2. The US
was always carrot.



-
N

—e— PREE group
—o— CTRL group

-
o
L

[oe]
L

Mean of Tentacle Lowering
(o]

0 T T
0 1 2

Test Trials

w 4
N

Figure 2. Results of Experiment 2: Latent inhibition. Mean
number of tentacle lowering responses made by the preexposed
group (PREE) and nonpreexposed group (CTRL) during the
three test trials. Vertical bars represent standard errors of the
mean.

odor—carrot pairing. The fact that the magnitude of the
CR increased over successive test trials in this experiment
allowed us to address the nonassociative explanation of
Experiments 1A and 1B. In Experiment 2, we made use
of a three-test-trial procedure and found that the level of
CR was smaller at the beginning than at the end of train-
ing. Statistical analysis confirmed this result. A repeated
measures ANOVA only for animals in the control group (a
group that received simple conditioning) conducted over
the three test trials revealed a significant effect of days
[F(2,8) = 41.6,p < .05]. This increase in responding can-
not be explained in terms of attenuation of habituation.

EXPERIMENT 3

In Experiment 3, we tried to confirm the results of Ex-
periment 2, using a within-subjects design in which all
animals were preexposed to one odor and then received
conditioning both with the preexposed odor and with a
novel odor.

Method

The subjects were 12 snails taken from the wild, with a mean shell
size of 32 mm (range, 28—34 mm) at the start of the experiment. All
the housing and maintenance details were exactly the same as in
Experiment 1A.

After the 10-day deprivation period, half of the snails received
a 10-min period of exposure to a slice of apple and the other half
received a 10-min period of exposure to a slice of pear on each of
the 6 days of the preexposure phase. Therefore, each snail had ex-
perience with just one odor in this stage of training. The design is
summarized in Table 2.

On the 4 days following preexposure, all the animals received
daily trials consisting of 10 min of access to a piece of carrot (ap-
proximately 1 cm?), twice in the presence of apple and twice in the
presence of pear. The order was counterbalanced; that is, for half of
the animals (3 preexposed to apple and 3 preexposed to pear), the
first odor was apple, and for the remaining half, the first odor was
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pear. After these four conditioning trials, all the snails received two
test trials, with a slice of apple on one day and with a slice of pear on
another. On each trial, the snail’s left posterior tentacle movement
was recorded for 2 min. This 6-day training cycle was repeated two
more times, so that the snails received a total of six conditioning
trials with each of the odors and three test trials with each of the
odors.

Results and Discussion

Figure 3 shows the mean number of tentacle lower-
ing responses made by the snails in the presence of the
preexposed CS and in the presence of the nonpreexposed
CS on each of the test trials. Although there was no dif-
ference on the first trial, the means for the second and
third trials showed fewer CRs in the presence of the pre-
exposed CS than in the presence of the nonpreexposed
CS. An ANOVA conducted on the data summarized in the
figure, with day and preexposure as the variables, revealed
significant effects of preexposure [F(1,11) = 27.06, p <
.05] and of day [F(2,22) = 106.41, p < .05], and a signifi-
cant interaction [F(2,22) = 4.39, p < .05]. The difference
between the groups was not significant in the first test
trial [#(11) = —0.89, p > .05] but was significant in the
second [#(11) = —4.18, p < .05] and in the third [#(11) =
—4.39, p < .05] test trial.

These results confirmed the previous finding that pre-
exposure to an odor produced a latent inhibition effect that
attenuated the effectiveness of the odor—carrot pairing.

EXPERIMENT 4

Overshadowing is an important phenomenon because
it shows that mere contiguity is not enough to promote
conditioning. The aim of this experiment was to seek an
overshadowing effect in the tentacle lowering procedure.
The results so far indicated that giving snails a number
of pairings of an odor (CS) with carrot (US) led to the
formation of an association between the odor and the nu-
tritional consequences of eating carrot. An overshadowing
effect would be demonstrated if the addition of another
odor stimulus (CS2) prevented or attenuated acquisition
by the other odor (CS1). Accordingly, in Experiment 4,
one group of snails (compound) was presented with a
compound stimulus consisting of a piece of apple and a
piece of pear, presented at the same time, while eating
carrot. After this treatment they received a test with one of
these odors (see Table 1). A control group received simple
conditioning with an odor and exposure to the other alone,
thus being matched to the compound group in their experi-
ence of the odors. If overshadowing occurred, the animals

Table 2
Design of Experiment 3: Latent Inhibition (Within Subjects)
Preexposure Conditioning Test 1 Test 2
6 CS1-US
6 CS1 CS1 Vs. CS2
6 CS2—US

Note—For half of the animals, CS1 was apple, and for the other half,
pear. The same was true for CS2. The US was always carrot.
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Figure 3. Results of Experiment 3: Latent inhibition in a within-
subjects design. Mean number of tentacle lowering responses
made by the same subjects during preexposed CS (PREE) and
nonpreexposed CS (CTRL) over the three test trials. Vertical bars
represent standard errors of the mean.

trained with both CSs (the compound group) should show
less tentacle lowering to the test odor than should snails in
the control condition.

Method

The subjects were 12 snails taken from the wild, with a mean shell
size of 34 mm (range, 29—37 mm) at the start of the experiment. All
the housing and maintenance details were exactly the same as in
Experiment 1A.

The conditioning phase lasted 12 days. On 6 of these days, the
snails in the compound group received a 10-min period of exposure
to a slice of apple plus a slice of pear while they had the opportunity
to eat carrot. On the remaining 6 days, they received no training.
Animals in the control group received a 10-min period of exposure
to CS1 (for half of the animals, a slice of apple, and for half of the
animals, a slice of pear), with the opportunity to eat carrot, on 6 of
the 12 days of the conditioning phase. On the remaining 6 days,
they received a 10-min exposure to CS2 (pear or apple). That is,
they received preexposure to the elements of the compound on sepa-
rate trials. After these six conditioning trials, all the snails received
a test trial with a slice of CS1 (in the compound group, half of the
snails received apple, and the other half received pear). The snail’s
left posterior tentacle movement was recorded for 2 min.

Results and Discussion

Figure 4 shows the mean number of tentacle lowering
responses made by the compound group in comparison
with controls. It appears that the presence of an additional
odor on the conditioning trials overshadowed learning
about the other odor of the compound; the compound
group showed less of an appetitive response to CS1 than
did controls. A one-way ANOVA with the data from the
test trial confirmed this conclusion [F(1,11) = 15.93,p <
.05]. Like all demonstrations of overshadowing, this in-
stance is open to a number of explanations (e.g., in terms
of generalization decrement effects, or in terms of the
cue-competition effects postulated by formal models of
conditioning such as that proposed by Rescorla & Wagner,

1972). Nonetheless, the effect obtained here exactly paral-
leled the one observed using more orthodox conditioning
procedures.

EXPERIMENT 5

Higher order conditioning can be considered cogni-
tively more demanding than simple conditioning, making
demonstrations of second-order conditioning in inver-
tebrate species particularly relevant from a comparative
point of view. Sahley et al. (1981) have provided evidence
for second-order conditioning with an aversive procedure
in Limax maximus. Given that our procedure proved effec-
tive in replicating a number of associative phenomena, it
was possible that snails would show a conditioned tentacle
lowering response in the presence of a CS (CS2) that had
never been paired with the carrot US directly, but that had
been paired with another CS (CS1) that had been paired
previously with the US. In Experiment 5, we explored this
possibility in a within-subjects design.

Method

The subjects were 8 snails taken from the wild with a mean shell
size diameter of 27 mm (range, 23—-31 mm) at the start of the experi-
ment. One snail died during the course of the experiment, and there-
fore some results are available for only 7 subjects. All the housing
and maintenance details were exactly the same as in Experiment 1A.
In Experiment 5, we used two novel odors (banana and strawberry)
in addition to the previous apple and pear odors. The US was always
carrot.

The procedure for the conditioning and test trials was the same as
that described for the previous experiments. Thus, conditioning tri-
als lasted 10 min (for both first- and second-order conditioning) and
test trials lasted 2 min. CRs were measured as in the previous experi-
ments. Apple and pear were counterbalanced, so during first-order
conditioning, half of the animals received pairings of apple and car-
rot with pear presented separately as a control. For the remaining

Mean of Tentacle Lowering
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Figure 4. Results of Experiment 4: Overshadowing. Mean
number of tentacle lowering responses during test trials with
CS1 (apple or pear) by group training with a compound of apple
and pear (COM) and group training with the separated elements
(ELE).



half, pear was the experimental CS (paired with carrot) and apple
was the control CS (presented alone in a separate session). We refer
to the paired CS as CS1+ and to the control as CS2. All the animals
received a 6-day training cycle in the first-order conditioning phase.
On 2 of these days, the snails received 10 min of access to a piece
of carrot (approximately 1 cm?) in the presence of the CS (apple or
pear), and on 2 days, they received exposure only to the control CS
(nonpaired). The order was counterbalanced. After these four trials,
all the snails received two test trials: on one day with a slice of apple,
and on another day with a slice of pear. In both cases, the snail’s
left posterior tentacle movement was recorded for 2 min. This 6-day
training cycle was repeated two more times, so that snails received
two conditioning trials, two control trials, and two tests until they
had experienced a total of six conditioning trials, six exposures to
control CS, and three intermixed test trials with each of the odors
(three with the paired CS and three with an unpaired one). Therefore,
this phase lasted 18 days, 6 for paired presentations, 6 for unpaired
presentations, and 6 for intermixed tests.

During second-order conditioning, there were two types of trials.
In the second-order trials, the previously conditioned odor (CS1+)
and a novel odor (CS3) were presented together for 10 min. Immedi-
ately after this compound presentation, we gave a test trial in which
the second-order CS (CS3) was presented for 2 min, during which
tentacle lowering was scored. In control trials, the preexposed con-
trol odor (CS2) was presented together with a novel odor (CS4),
followed by a test with the novel odor (CS4). This phase lasted for
16 days (eight second-order and test trials and eight control and test
trials). We counterbalanced the new CS in both subgroups. Of the
snails that received apple as CS1+, half received banana as second-
order CS3 and the other half (i.e., 2 snails) received strawberry as
second-order CS3. The same was true for the 4 snails receiving
pear as the first-order CS1+. Table 3 summarizes the experimental
design.

Results

To analyze the data, all the CSs were functionally
collapsed—that is to say, first-order CSs with first-order
CSs, control first-order CSs with control first-order CSs
(these were apple or pear), second-order CSs with second-
order CSs, and their respective controls together (these
were banana or strawberry). During first-order condition-
ing, the level of CR during the presence of the CS paired
with carrot (CS1+) was higher than that during the control
CS (CS2) (see Figure 5SA). An ANOVA conducted on the
data summarized in Figure 5A, with trials and CSs as the
variables, revealed significant effects of trials [F(2,14) =
62.06, p < .05] and CSs [F(1,7) = 126.45, p < .05], and
a significant interaction [F(2,14) = 9.29, p < .05]. The

Table 3
Design of Experiment 5: Second-Order Conditioning
(Within Subjects)

First-Order Second-Order
Conditioning Conditioning Test

6 CS1->US 8 (CS3—CS1)

8 CS3 vs. 8 CS4

6 CS2 8 (CS4—CS2)

Note—Arrows reflect simultaneous presentation. For half of the ani-
mals, CS1 was apple, and for the other half, pear. The same was true for
CS2. For half of the animals, CS3 was banana, and for the other half,
strawberry. The same was true for CS4. The US was always carrot. Test-
ing with CS3 and CS4 occurred immediately after each second-order
conditioning trial.
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difference between the CSs in each of the test trials was
significant [ts(7) = 5.7, 5.8, and 17.1; ps < .05].

Figure 5B shows the group mean scores for successive
tests with second-order CSs and control CSs during the
second-order conditioning phase. As demonstrated in the
figure, up to the fourth trial, snails showed an increasing
tendency to show tentacle lowering in the presence of the
second-order CS (and not in the presence of the control
CS). From the fourth trial on, the difference between the
stimuli was maintained, although the level of response
to the second-order CS decreased. This decrease in re-
sponding was probably due to extinction, given that the
procedure involved exposure to the CS for 10 min with-
out nutritional consequences. An ANOVA with days and
CSs as factors confirmed this description, revealing sig-
nificant effects of days [F(7,49) = 9.48, p < .05] and CSs
[F(1,7) = 266.44, p < .05], and a significant interaction
[F(7,49) = 12.81, p < .05]. The difference between the
CSs was significant on all but the first and the last of the
test trials [for the other 6 trials, #s(7) > 3.55, ps < .05].

These results showed that snails could develop not only
an association between a neutral odor and subsequent nu-
tritional consequences, but also an association between a
neutral odor and another odor previously paired with nu-
tritional consequences. This constitutes evidence indicat-
ing higher order conditioning in an appetitive procedure
with snails as subjects.

EXPERIMENT 6

Evidence for sensory preconditioning in gastropod
molluscs comes from a study by Suzuki, Sekiguchi,
Yamada, and Mizukami (1994), who used Limax flavus
as subjects, odors as CSs, and quinidine sulfate solution
as the US. In a more recent study exploring sensory pre-
conditioning in the pond snail, Lymnaea stagnalis, Ko-
jima et al. (1998) used an appetitive sucrose solution and
a weak vibration as CSs and an aversive KCI solution as
the US. These experiments found clear evidence of a sen-
sory preconditioning effect in an aversive procedure. It
seemed likely, therefore, that this associative phenomenon
would also occur with our appetitive procedure. Subjects
in the experimental condition of Experiment 6 were given
initial exposure to a compound of apple and pear before
being allowed to consume carrot in the presence of one of
the odors. We predicted that the association between the
trained odor and nutritional consequences of the carrot
ingestion would endow the other odor with conditioned
properties by virtue of the apple—pear association formed
during the first phase of training.

Method

The subjects were 24 snails taken from the wild, with a mean shell
size diameter of 28 mm (range, 22—35 mm) at the start of the experi-
ment. One snail died during the experiment; therefore some results
were obtained for only 23 subjects. The housing and maintenance
details were exactly the same as in Experiment 1A.

The experimental design is given in Table 1, where the experimen-
tal group is designated as COM (for compound preexposure) and the
control group is labeled as ELE because it was given preexposure
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Figure 5. (A) Experiment 5: Phase 1, first-order conditioning. Mean number of tentacle lowering responses made during test trials
with CS paired with carrot (filled circles: CS1+) and during the test trials with the control CS (open circles: CS2—). For half of the
animals, CS1+ was pear, and for half, apple. The same was true for CS2—. (B) Experiment 5: Phase 2, second-order conditioning.
Mean number of tentacle lowering responses made during test trials with second-order CS3 (filled circles) and during the test trial
with the control second-order CS4 (open circles). Vertical bars represent standard errors of the mean.

to elements of the compound, apple and pear, on separate trials. The
preexposure phase lasted 6 days. On each day, the animals were ex-
posed to odors for 10 min. Subjects in the compound group received
six presentations of the apple—pear compound. Subjects in the ele-
ments group received presentations of apple and pear with a 1-h
delay between them. After preexposure, simple conditioning began.
Half of the animals in the compound group and half of the animals
in the elements group were conditioned using apple as CS, while the
remaining half were conditioned using pear. During conditioning, 2
days of conditioning trials were followed by one test trial (with the
conditioned odor) in which, as usual, we counted the number of left
tentacle lowerings for 2 min. This 3-day cycle was presented three

A

—e— COM group
8 | —o— ELE group

Mean of Tentacle Lowering
N

0 1 2 3 4

Trial Days

times, making a total of six conditioning trials and three intermixed
test trials. The following day constituted the test phase. In it, all the
animals were exposed to the odor CS that was not employed during
conditioning. Any procedural details not specified here were the
same as those described for the previous experiments.

Results and Discussion

Group mean scores for the test trials of the conditioning
phase are presented in Figure 6A. As the figure shows,
both groups acquired the CR and there was no differ-
ence between them in the number of tentacle lowering

-
o

©
!

Mean of Tentacle Lowering
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Figure 6. (A) Experiment 6: Sensory preconditioning, conditioning phase. Mean number of tentacle lowering responses made dur-
ing the three test trials of conditioning by group preexposed to compound (COM) or preexposed to the elements (ELE). (B) Experi-
ment 6: Sensory preconditioning, test. Mean number of tentacle lowering responses made during the test trial with the sensorially
preconditioning CS by group preexposed to compound (COM) or preexposed to the elements (ELE). Vertical bars represent standard

errors of the mean.



responses during the conditioning test trials. An ANOVA
was conducted on the test data summarized in the figure,
with group and trial as the variables, revealing a signifi-
cant main effect of trial [F(2,44) = 30.92, p < .05], butno
difference between the groups [F(1,22) = 0.03, p > .05]
and no interaction [F(2,44) = 1.52, p > .05].

The results of central interest come from the test trial
with the odor that had not been paired with carrot. As Fig-
ure 6B shows, snails in the compound group lowered their
tentacles more often than did those in the elements group.
A one-way ANOVA conducted on the data for the test
trial revealed a significant difference between the groups
[F(1,22) = 83.79, p < .05]. This result is consistent with
the hypothesis that the treatment given to the compound
group generates a sensory preconditioning effect that
depends on the formation of an association between the
odors of apple and of pear in the preexposure phase, and
the establishment of an association between the CS and
nutritional consequences of carrot ingestion in the condi-
tioning phase.

GENERAL DISCUSSION

Early observations of the phenomenon of tentacle low-
ering in the snail were interpreted as reflecting a specific
adaptation for olfaction-based foraging behavior (Peschel
et al., 1996). Direct studies of related effects under labora-
tory conditions (e.g., Teyke, 1995; Ungless, 1998, 2001)
have suggested a Pavlovian interpretation of these behav-
ior changes in snails. The results of our experiments es-
tablish the reliability of tentacle lowering as a learning
procedure and support the interpretation of this effect in
terms of standard principles of Pavlovian conditioning.
These findings are of interest, in part, because, unlike
the findings in the majority of the studies with inverte-
brates, in which special learning procedures are used (see
Abramson, 1994), these were obtained with a training
procedure that closely paralleled the standard appetitive
training procedures used with vertebrates.

The results obtained with our procedure are consistent
with the proposal that simply consuming food (carrot) in
the presence of an odor engages a conditioning mecha-
nism that results in the formation of an association be-
tween the odor and the nutritional consequences of carrot
ingestion. Snails were found to lower their tentacles when
they perceived the odor of the CS that was paired with the
eating of the carrot, and this CR was not due to attenua-
tion of response habituation (Experiments 1A and 1B).
Preexposure to the odor prior to conditioning retarded the
development of a conditioned response to the odor (Ex-
periments 2 and 3). These results suggest that the learning
that occurs as a consequence of the ingestion of carrot
in the presence of an odor CS is subject to latent inhibi-
tion. Another odor present during consumption of carrot
restricted the extent to which the target odor acquired the
power to elicit tentacle lowering (the overshadowing effect
of Experiment 4). Another associative phenomenon was
observed in Experiment 5, in which we paired a new odor
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CS not with a US, but with a previously conditioned CS.
The snails showed more tentacle lowering in the presence
of this odor than in the presence of a control odor; that is
to say, they showed second-order conditioning. Condition-
ing, latent inhibition, overshadowing, and second-order
conditioning share a common associative dynamic; all of
them are proactive information processing phenomena.
In Experiment 6, we provided evidence that snails can de-
velop retroactive information processing in a sensory pre-
conditioning design. If snails experience the simultaneous
odors of two CSs without any consequence (nonreinforced
preexposure), these stimuli form an association that, after
the subsequent conditioning of one of these CSs, allows
the other CS (never before paired with the US) to elicit
tentacle lowering.

It seems likely that the associative learning processes
observed in these experiments play an important role in
the process whereby an animal comes to establish its di-
etary preferences (see, e.g., Bolles, 1983, for a discus-
sion of the application of this principle to the develop-
ment of preferences as well as aversions). More generally,
it is also possible that even experience of motivationally
neutral stimuli may allow associations to form between
their immediate properties and their aftereffects that will
act to modify the animal’s subsequent response to these
stimuli.

The relationship between conditioning and animal cog-
nition is a matter of debate. On the one hand, some authors
have based their research on the notion that conditioning
is a basic mechanism from which cognition derives (e.g.,
Hall, 1991; Pearce, 1987). On the other hand, other au-
thors have tried to argue that cognition goes beyond the
processes that allow an animal to show conditioning (e.g.,
Greenberg & Haraway, 2002; Roitblat, 1987). In either
case, information on how any given species behaves when
subjected to standard conditioning procedures is a neces-
sary first step in developing a full account of comparative
cognition.
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